University of Arkansas, Fayetteville

ScholarWorks@UARK
Animal Science Undergraduate Honors Theses

Animal Science

5-2022

Broiler efficiency as affected by dietary protein supply and grain
source
Victoria Reid

Follow this and additional works at: https://scholarworks.uark.edu/anscuht
Part of the Food Microbiology Commons, Food Processing Commons, and the Poultry or Avian
Science Commons

Citation
Reid, V. (2022). Broiler efficiency as affected by dietary protein supply and grain source. Animal Science
Undergraduate Honors Theses Retrieved from https://scholarworks.uark.edu/anscuht/55

This Thesis is brought to you for free and open access by the Animal Science at ScholarWorks@UARK. It has been
accepted for inclusion in Animal Science Undergraduate Honors Theses by an authorized administrator of
ScholarWorks@UARK. For more information, please contact scholar@uark.edu.

1
Broiler efficiency as affected by dietary protein supply and grain source
Undergraduate Honors Thesis

Author: Victoria Reid

Honors Mentor: Dr. Michael T. Kidd
Committee Members: Dr. Sara K. Orlowski1 and Dr. Sonia Y. Liu2

1Center

2Poultry

of Excellence for Poultry Science, Division of Agriculture, University of Arkansas
System, Fayetteville, AR, USA.

Research Foundation, Faculty of Science, The University of Sydney, NSW, Australia.

2
Table of Contents

Abstract………………………………………………………………………………....…………3
Introduction…………………………………………………………………………....…………. 3
Materials and Methods…………………………………………………………………....……….8
Results……………………………………………………………………………………....……. 9
Discussion…………………………………………………………………………………......…10
Conclusion.....................................................................................................................................13
References…………………………………...…………………………………………........…...15
Tables…………………………………………………………………………………....……….20

3
1. Abstract
This experiment was conducted to compare the effects of different diet compositions on
performance and carcass yield of male broilers from 15 to 36 days of age. In total, 593 male
birds were divided across a randomized design that consisted of 6 dietary treatments, each with 8
replications. The treatments included pelleted diets that varied in grain type and crude protein
(CP) value: 3 sorghum-based diets at 20%, 18.75%, and 17.5% CP and 3 corn-sorghum blended
diets at the same CP levels. CP amounts impacted only body weight gain and feed conversion
rate while feed intake only differed with grain source (P<0.001). The highest protein diets
resulted in the most body weight gain and lowest feed conversions, while corn diets promoted
higher feed intake. In carcass evaluation, CP levels impacted live body weight, carcass yield,
breast yield, and fat- with all factors, except fat content which decreased along with, increasing
alongside the protein increases. Fat content was also impacted by the interactivity between grain
type and protein amounts- creating minute inconsistencies in the previous pattern which
indicated that increasing protein levels, decreased fat. Moreover, as CP increased, the grainprotein interactions resulted in leg yield decreases for corn-based diets, but leg yield increases in
sorghum-based diets.

2. Introduction and Literature Review
2.1 Significance
Society has continuously influenced food production to utilize increasingly sustainable
management practices (Lemme et al., 2019). In poultry production, these efforts center around
the reduction of nutrient excretion through dietary alteration (Powers & Angel, 2008); this has
been researched extensively with regards to nitrogen reduction to conclude: lowered nitrogen
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output can be achieved through a reduced CP diet balanced to meet the birds’ requirements of
energy and amino acids. (Santonja et al., 2017) Aside from the environmental benefits of
reduced CP diets, there is also evidence which suggests lower CP for poultry is more economical
(Kobayashi et al., 2013) and benefits bird health and welfare (van Harn et al., 2017). Still, due to
the complex nature of interactions during starch and protein digestion, additional research is
necessary for the optimization of protein and starch balance to improve cost efficiency and to
reduce the environmental impact of poultry production.

2.2 Review of Literature
2.2.1 Success of Low Protein Diets
Many studies, investigating the impact of low protein diets, have been conducted with
success when supplemented with varied essential amino acids (Berres et al., 2010; Shao et al.,
2018). However, there are studies that indicate there is a threshold value of protein reduction
before other factors limit production success. For example, it has been shown that a decrease in
CP from 210 to 180 g/kg did not negatively impact performance. However, further reduction to
165 g/kg began to impose on bird productivity- which is hypothesized to be the result of reaching
a point at which non-essential amino acid limitations take hold (Chrystal et al., 2020).
Moreover, there is the important consideration of fat deposition in birds being fed low CP
diets. A common issue found in the carcass characteristics of birds raised on low CP feed is the
increased amount of abdominal fat (e.g., peritoneal of leaf fat). One study also found an increase
in relative liver weight. With the liver being the site of lipogenesis, this study hypothesizes that a
correlation exists with increased lipogenic activity in response to being fed diets with reduced CP
(Aletor et al., 2000). This is important to consider as consumer expectations need to be met,
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otherwise the environmental benefits will be mitigated. As consumers are known to find the
visual appearance of fat less appealing, it is in the best interest of producers to aim for the
minimization of its deposition (Aletor et al., 2000). Furthermore, excess fat can be removed from
birds during processing, but feed calories being used for lipogenesis rather than lean tissue
accretion represent an inefficiency. In the U.S., there is a trend to consume more thigh muscle
processed parts in broiler chickens. And in thigh meat, fat cannot be removed, even if the thigh
is packaged as bone-less and skin-less in the retail market.

2.2.2 Relationship Between Amino Acids and Starches
In working to meet threshold amino acid values, it is important to consider how
effectively protein consumption is utilized. In order to do so, starch and protein digestion rates
are important considerations. These are what govern nutrient allocation and thus bird
productivity. What makes this difficult, is the interactive nature of protein and starch digestion;
glucose and amino acids both compete for co-absorption with sodium in transport systems (Liu
et al., 2021). Moreover, starch serves roles in both amino acid catabolism and protein synthesis
(Liu et al., 2021). Their breakdown determines how fast glucose absorbs and conversely how fast
insulin can be released (Weurding et al., 2003). In this sense, slow digesting starches have
proven to be beneficial as starches lengthen the insulin response, promoting sustained protein
deposition and improving the feed conversion rate of birds (Weurding et al., 2003). These
benefits have also been hypothesized to be a result of slow digesting starches providing enough
energy for the enterocytes in the lower small intestine, so amino acids, in turn, can be used for
muscle growth (Weurding et al., 2003).
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This is supported by research on maize diets. Hence, in one study- in agreement with
prior research- maize was found to be one of the most rapidly digested starches (Moss et al.,
2020)- a quality which has been shown to decrease amino acid digestibility in chickens (Selle &
Liu, 2019). Conversely, in the same study, sorghum, though higher in protein than corn and
slower digesting, still supported limited amino acid digestion - which the author cites could be
the result of karifin and phenolic compound presence in sorghum (Moss et al., 2020).
Interestingly, when compared to wheat diets, maize- based diets may be able to withstand larger
reductions in dietary CP; in one study birds’ growth on 165 g/kg CP maize- based diet exceeded
their 222 g/kg fed counterparts with negative impacts only on feed conversion ratios (Chrystal et
al., 2021).
Regardless, when comparing sorghum and maize, studies have found maize diets
generate higher apparent metabolizable energy (AME) and a more efficient feed conversion
(Moss et al., 2020). However, there is evidence that they both act as suitable bases for a diet. One
study with a differing variety of sorghum (S.bicolor) has shown success in total or partial
replacement of corn with sorghum, with negligible effects only on apparent ileal nutrient
digestibility (Putigam et al., 2020). This is in agreement with another study which found that a
50% replacement of corn with sorghum led to improvements in growth (Saleh et al., 2019). Both
which are corroborated by a study that found that the inclusion of slow digesting starches in
combination with faster ones to be beneficial, in their case a 25% inclusion of pea (slow
digesting) starch with 75% wheat (fast digesting) starch prompting the greatest feed efficiency
(Herwig et al., 2019).
The type and essentiality of the amino acids are important to consider as well. Depending
on the feeding frequency of the birds, the presence of protein-bound versus free amino acids
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could impact amino acid utilization as these forms are absorbed at different speeds (Liu & Selle,
2015). Moreover, if synthetic amino acids are being utilized, their circulation into the portal
system would occur at a more rapid rate than protein-bound amino acids which alters typical
protein digestive dynamics. This offers potential benefits when competing with starches for
digestion, however, in addition to posing risks of displacing balance between amino acid types at
sites of protein deposition (Liu & Selle, 2015).
2.2.3 Feed Processing
Aside from grain source, methods of processing feed can also determine how successful a
diet formulation is, as the processes can alter how nutrients are absorbed and utilized. Processes
such as griding and pelleting have been tested with various levels of success. Both unground and
ground particles present potential benefits in nutrient digestibility (Rubio et al., 2020). This is
corroborated by a study comparing bird performance with sorghum inclusions. When
substituting corn for two types of whole grain sorghum with the partial inclusion of ground
sorghum, similar outcomes in broiler performance were observed- the only resulting difference
being higher gizzard weights for birds fed the larger particles (Putigam et al., 2020). Overall,
indicative that there was not a large enough discrepancy to definitively favor one over the other
in terms of nutrient digestibility.
Similarly, the benefit of pelleting which is believed to create a more balanced
concentration of nutrients, ensuring they can be more completely consumed (Behnke, 1996),
displays discrepancy among feedstuffs. In a wheat, oat, soy diet, both AME and energy retention
seemed to be unaffected (Hussar & Robblee, 1962). Meanwhile, in a study on a pelleted wheat
diet, nitrogen-corrected apparent metabolizable energy (AMEn) displayed decreasing values,
(Amerah et al., 2007). Conversely, when considering maize and sorghum, pelleting has shown
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potential improvements. For instance, in one trial which tested the pelleting of multiple grainbased diets, AMEn values increased for all, with the largest positive increases for maize and
sorghum (Khalili et al., 2021).

2.3 Future Considerations
Food production requires a balance of both consumer and producer satisfaction. With
feed accounting for a major percentage of poultry production cost, diet formulations have been
widely studied in order to continuously improve upon cost efficiency for the benefit of the
producers. At the same time, consumer demand for an environmentally conscious but still
desirable product, increases the need for production practices that are sustainable yet allow for
maintenance of the standards set for carcass characteristics. Due to the difficulty in
understanding the complex mechanisms behind digestive dynamics and the influence nutrient
utilization plays on carcass fat and protein characteristics, there is still work to be done in testing
different diet compositions to further isolate combinations of ingredients and processes that will
further improve industry practices.
This study aims to further the progress already accomplished in this realm by testing six
diets in an effort to observe any potential benefits posed by the combinations of protein and
starch feedstuffs in these test formulations.

3. Materials and Methods
3.1 Experimental Facility and Bird Husbandry
A total of 593 Cobb 500 male broiler chicks were hatched (Cobb-Vantress, Inc., Siloam
Springs, AR), sexed, then transported to the University of Arkansas Broiler Research Farm. The
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birds were housed in a tunnel-vented facility, divided amongst 48 (3 x 4 feet) pens equipped with
bedding, nipple drinkers, and hanging feeders. For days 1-14, the birds were provided a common
feed complete with nutrients to meet the minimum feed requirements. They were checked
multiple times throughout the day to ensure feed access, raise water lines, and account for bird
loss. To begin the experimental trial, on day 15, the birds were weighed by pen in groups of
twelve. If there were too few or too many birds in a pen, they were randomly reallocated
accordingly. Remaining starter feed was dumped from the feeders, the empty feeders were
weighed, then refilled with 1 of 6 experimental diet feeds. For the remainder of the trial, the birds
continued to be monitored as above. On day 36, remaining feed and pen weights were recorded.
Four broilers per pen were randomly selected and tagged for processing. On day 37, the tagged
birds were transported to the University of Arkansas Pilot Processing Plant in order to evaluate
carcass traits. Birds were processed using an inline commercial system and manually eviscerated.
Fat pads were removed and weighed, carcass weight was recorded, and then breast (Pectoralis
major and minor, bone-less and skinless) and leg weights (bone-in and skin-on) were measured
from the deboned carcass.

3.2 Experimental Diets
Six experimental diets were offered to the birds from 15 to 35 days of age. Prior to diet
formulation, an amino acid analysis was conducted for the sorghum. As displayed in Table 1,
following its characterization, four diets were formulated. Two 20% CP and two 17.5% CP diets
were formulated, one each for both a corn-based diet and a corn-sorghum blended diet.
Intermediate 18.75% CP corn and corn-sorghum diets were then created by mixing those of 20%
and 17.5% CP for each grain (starch) source diet respectively.
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3.3 Statistics
The trial followed a 2 x 3 factorial design. Each of the six experimental treatments were
replicated in eight pens, the pen functioned as the experimental unit. The treatments were
randomly assigned to pens. Broiler performance and carcass yields were analyzed by ANOVA
using Proc GLM of SAS 9.4 (SAS Institute, 2012). Statistical significance was set at P ≤ 0.05
and means were separated by a repeated t-test.

4. Results
4.1 Performance
As displayed in Table 2, dietary protein levels had no impact on feed intake (P > 0.05)
but resulted in differences for body weight gain and feed conversion (P < 0.001). The higher
protein diet resulted in the largest weight gain and lowest feed conversion while the lowest
protein diet resulted in the lowest and largest response, respectively. Conversely, grain type only
had an impact on feed intake (P < 0.05), with birds being fed corn-only diets consuming more
feed than those on the blended diet. In terms of the interactive influence of both protein and grain
type on bird performance, there was no significant difference in any of the qualities.

4.2 Carcass Traits
As displayed in Table 3, dietary protein levels resulted in differences in body weight, fat
pad, carcass, and breast yields (P < 0.05), with all qualities improving as protein inclusion
increased. On the other hand, grain type had no impact on any carcass trait quality. Meanwhile
the combined effect of protein content and grain type only influenced fat percentage and leg
yield. In terms of fat content- when comparing sorghum diets to corn diets, there is not a large
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difference in terms of the weights. However, individually- corn diets are consistent in that as
protein values increase, the fat content decreases. Whereas with sorghum diets, the diet
containing an intermediate amount of protein resulted in the least fat, while the diet with the
lowest protein resulted in the greatest fat yield. Similarly, leg yield for both corn-based diets and
sorghum-based diets are similar in value but also differ in pattern. As protein is increased in
corn-based diets, leg yield decreases. Meanwhile, as protein increased in sorghum-based diets,
the leg yield increased.

5. Discussion
5.1 Impact of Protein Level
Considering the variation in results amongst prior completed studies and the specific
nature of how proteins and carbohydrates interact, the achieved results are as expected. There is
prior research that indicates success when feeding low crude protein diets supplemented with
amino acids. In one study, CP could be reduced by up to 6% with amino acid fortification while
still maintaining broiler performance (Badawi et al., 2019). This indicates success in protein
reduction up to a particular threshold, an idea which has been upheld through more recent
research. In a more current study, between two different levels of protein reduction, it was found
that the initial instance had no impact on performance. Only at a greater reduction of protein did
the variation in values become significant enough to indicate higher protein diets might be more
effective (Chrystal et al., 2021). When looking at these results, it does appear as if low CP diets
have the potential to be as effective as regular diets. However, the results of this research alone
indicate the opposite. In this case, it appears that the addition of more protein results in
improvements in both bird performance and carcass traits. As such, any reduction in the protein
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level appears to not support adequate bird development. However, because the results from the
prior experimentation had such precise threshold levels, the lack of success in this experiment
could be due to the differences in proportion of protein reduction; the threshold requirements
needed for a low CP diet to be successful could’ve been surpassed in the first reduction, thereby
making it seem as if any reduction would be unsuccessful. This could be a product of the
competition of starches and proteins during digestion and absorption. Since the amino acids were
all balanced it is likely that the lower protein diets didn’t provide enough CP to compete with the
starch sources for priority in digestion. If the starches are more quickly broken down and
utilized, insulin spikes would be shorter lasting- in effect, decreasing the rate of protein
deposition. The variation in insulin spikes could also explain the higher feed conversion values
for birds fed the low protein diet. If the nutrients aren’t being affectively allocated, then they
would have to consume more to attain the desired growth.

5.2 Impact of Grain Type
The results of this study suggest that grain source only influences feed intake. This is in
contrast with another study in which inclusions of pea versus tapioca with corn-based diets had
no impact on feed intake (Weurding et al., 2002). In that study, only feed conversion rates and
weight gain were impacted, overall demonstrating that the inclusion of slow digestible starches
improved protein utilization. Those results corroborate similar studies which indicate that the
partial addition of slow digesting starches improves feed conversion rates. Moreover, in a
separate study comparing maize and sorghum as diet bases, the corn diets were effective in
improving feed conversion rates (Moss et al., 2020). This not only contradicts the
aforementioned studies’ propositions that slower digesting starches pose benefits for feed
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conversion but also differs from the study at hand in that feed intake remained unaffected. Based
on the case of this trial, none of the previous research is supported. However, the outcome may
be explained by the fact that maize is one of the quickest digesting starches. Because the starches
are being utilized more quickly, the feeling of satiety may take longer to reach prompting the
birds to continue eating.

5.3 Interactive Impact Grain Type and Protein Level
As aforementioned, the only qualities impacted by grain type interacting with protein
amount were fat percentage and leg yield. Notably, the abdominal fat yield was the highest in the
birds fed the blended diets containing the lowest protein amount. This appears as a common
result in carcass traits of birds fed low protein diets. The results of one past study corroborate
this, its outcomes demonstrating a pattern of increased body fat for birds being offered low CP
feed (Aletor et al.,2000). In a prior study, it was found that this could be negated via the
inclusion of L-carnitine to aid in the prevention of excess abdominal fat; an effect of Lcarnitine’s ability to reduce body fat storage by improving energy and fatty acid use, while
decreasing triacylglycerol storage and esterification (Badawi et al., 2019). This is a direction that
could be beneficial to explore in the future in conjunction with the combined interactions of
protein and grain inclusions.

6. Conclusion
The outcomes of this study indicate the inability of reduced crude protein diets to meet
the needs of broilers for adequate performance and carcass development. Also, in this case, the
impact of grain type wasn’t significant enough to indicate the need to use one grain type over
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another. Therefore, in terms of grain usage, whichever grain is most economically favorable
from the two options tested, considering that the birds fed corn only diets had a higher feed
intake, could be used without compromising bird performance.
Considering low CP diets moving forward, there appears to be a high potential for
success. Although in this trial, bird performance was overly compromised, the results do aid in
further expansion of available literature on possible points of concern for low CP diets. With
how important it is for the industry to continually work to please consumers, trials similar to this
will need to be done in order to work towards further improvements and success in formulating a
diet that satisfies environmental, economic, and societal concerns.
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Tables
Table 1. Composition of diets.
Ingredient %
Corn
Whole sorghum

Diet 1
57.24

Diet 3
65.40

Diet 4
31.50
15.73

Diet 6
32.00
16.22

ㅡ

ㅡ

Cracked sorghum
Soybean meal
Dried Distillers Grains
Poultry Fat
Limestone
Dicalcium phosphate
Sodium bicarbonate

ㅡ
21.68
15.00
2.79
1.26
0.68

15.73
25.65
5.00
3.04
1.07
0.92

ㅡ

ㅡ
8.19
20.00
0.50
1.39
0.68
0.55

ㅡ

16.22
6.11
22.00
1.74
1.39
0.67
0.42

Potassium carbonate

ㅡ

ㅡ

ㅡ

0.14

ㅡ

ㅡ
0.76
0.31
0.27
0.42
0.05
0.23
0.20

ㅡ

L-Phenylalanine

ㅡ

0.41

ㅡ

ㅡ

L-Tyrosine

ㅡ

0.20

ㅡ

ㅡ

L-Histidine

ㅡ

0.10

ㅡ

Sodium Chloride
L-Lysine HCl
DL- Methionine
L-Threonine
L-Arginine
L-Tryptophan
L-Valine
L-Isoleucine

0.32
0.39
0.21
0.11
0.10
0.01
0.03

0.36
0.36
0.26
0.11
0.07
0.00
0.02

0.83
0.35
0.30
0.48
0.05
0.24
0.21
0.19

0.11

Glycine
0.15
0.17
ㅡ
Choline Cl
0.05
0.05
0.05
0.05
Minerals1
0.08
0.08
0.08
0.08
2
Vitamins
0.05
0.05
0.05
0.05
Phytase3
0.01
0.01
0.01
0.01
1The mineral premix contributed (per kg of diet): manganese, 96 mg; zinc, 58 mg; copper,
2.7 mg; iodide, 1.9 mg; selenium, 0.16 mg.
2The vitamin premix contributed (per kg of diet): vitamin A, 9,259 IU; vitamin D , 6,614
3
ICU; vitamin E, 66 IU; niacin, 46 mg; d-pantothenic acid, 12 mg; riboflavin, 8 mg;
pyridoxine, 3 mg; thiamine, 2 mg; menadione, 2 mg; folic acid, 1 mg; biotin, 0.1 mg;
vitamin B12, 0.02 mg.
3Optihos
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Table 2. Influence of diet cereal grain and CP on broiler performance for a 15 to 35 d
grower period
Treatment
Grain1
CP2
BWG
FI
FCR
Interactive effects of Grain and CP (n=8)
C
H
2.026
3.238
1.624
C
M
1.863
3.202
1.737
C
L
1.842
3.230
1.761
S
H
1.913
3.082
1.642
S
M
1.914
3.209
1.690
S
L
1.805
3.154
1.766
SEM
0.0338
0.0418
0.0145
Main effect of Grain (n=24)
C
1.910
3.223
1.707
S
1.877
3.148
1.700
SEM
0.0195
0.0242
0.0084
Main effect of CP (n=16)
H
1.969a
3.160
1.633c
M
1.889ab
3.205
1.713b
L
1.823b
3.192
1.764a
SEM
0.0239
0.0296
0.0103
P-value
Grain
0.238
0.034
0.513
CP
<0.001
0.539
<0.001
Grain × CP
0.064
0.162
0.073
1C = corn; S = sorghum
2H = high CP; M = moderate CP; L = low CP
BWG = body weight gain; FI = feed intake; FCR = feed conversion rate
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Table 3. Influence of diet cereal grain and CP on broiler performance for a 15 to 35 d grower period
Treatment
Yield (%)
1
2
Grain CP
Live BW (kg)
Fat
Carcass
Breast
Tender
Interactive effects of Grain and CP (n=8)
C
H
2.544
1.36ab
73.30
18.99
3.65
ab
C
M
2.391
1.53
73.31
18.33
3.59
C
L
2.334
1.62a
72.31
17.27
3.52
S
H
2.419
1.50ab
73.15
18.22
3.59
b
18.32
3.64
S
M
2.447
1.35
73.02
ab
17.80
3.56
S
L
2.324
1.59
72.55
0.289
0.067
SEM
0.0502
0.063
0.234
Main effect of Grain (n=24)
18.20
3.59
C
2.423
1.50
72.98
18.12
3.60
S
2.396
1.48
72.91
0.167
0.039
SEM
0.0290
0.037
0.135
Main effect of CP (n=16)
18.61a
3.62
H
2.482a
1.43
73.22a
a
ab
a
18.33
3.61
M
2.419
1.44
73.17
b
b
b
17.54
3.54
L
2.329
1.60
72.43
0.204
0.047
SEM
0.0355
0.045
0.166
P-value
0.731
0.826
Grain
0.519
0.707
0.719
0.002
0.436
CP
0.015
0.014
0.002
0.089
0.665
Grain × CP
0.202
0.047
0.523
1C = corn; S = sorghum
2
H = high CP; M = medium CP; L = low CP

Wing

Leg

8.06
8.18
8.19
7.93
8.16
8.18
0.093

22.92a
23.24a
23.53a
23.47a
23.15a
22.94a
0.220

8.14
8.09
0.054

23.23
23.18
0.127

8.00
8.17
8.18
0.065

23.19
23.19
23.23
0.156

0.483
0.089
0.809

0.802
0.979
0.045

